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Ammonia in Jupiter’s atmosphere

Jupiter at 5-μm

• NH3 plays important role in Jupiter’s 
meteorology → condenses to form clouds, 
traces atmospheric dynamics 

• 5-μm atmospheric window gives access to 
1-4 bar range in Jupiter’s troposphere 

• VLT/CRIRES instrument used to observe 
NH3 absorption lines at 5-μm, with 
R=96,000 

•  Slit aligned north-south along central 
meridian, allowing us to look at latitudinal 
variability 
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CRIRES observations
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(a) Fitted spectrum (b) Retrieved NH3 profile
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(a) Fitted spectrum (b) Retrieved NH3 profile

10−10 10−8 10−6 10−4 10−2

Volume mixing ratio

10.0

1.0

0.1

P
re

ss
u
re

 (
b
a
r)

• NH3 absorption lines have 
varying strength → together 
probe 1-4 bar range

• NEMESIS retrieval algorithm (Irwin et al., 
2008) used to fit spectrum 

• NH3 allowed to vary continuously, model 
assumes single cloud layer at 0.8 bar



Latitudinal retrieval

(a) Cloud opacity

-60 -40 -20 0 20 40 60
Latitude

0

5

10

15

20

25

O
p
tic

a
l t

h
ic

kn
e
ss

EqZSEB NEB

(b) NH3 volume mixing ratio at 3.3 bar
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(c) NH3 volume mixing ratio at 1.6 bar
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(a) Cloud opacity
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(b) NH3 volume mixing ratio at 3.3 bar
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(c) NH3 volume mixing ratio at 1.6 bar
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2) Ammonia spike 
on boundary of 
EqZ and NEB at 

higher pressures?

(a) Cloud opacity
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(b) NH3 volume mixing ratio at 3.3 bar
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(c) NH3 volume mixing ratio at 1.6 bar
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(a) Cloud opacity
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(b) NH3 volume mixing ratio at 3.3 bar
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(c) NH3 volume mixing ratio at 1.6 bar
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1) Belt-zone 
variability at 

all pressures?



Latitudinal retrieval

(a) Cloud opacity
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(b) NH3 volume mixing ratio at 3.3 bar
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(c) NH3 volume mixing ratio at 1.6 bar
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(a) Cloud opacity
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(b) NH3 volume mixing ratio at 3.3 bar
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(c) NH3 volume mixing ratio at 1.6 bar
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2) Ammonia spike 
on boundary of 
EqZ and NEB at 

higher pressures?

(a) Cloud opacity
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(b) NH3 volume mixing ratio at 3.3 bar
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(c) NH3 volume mixing ratio at 1.6 bar
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(a) Cloud opacity
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(b) NH3 volume mixing ratio at 3.3 bar
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(c) NH3 volume mixing ratio at 1.6 bar
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1) Belt-zone 
variability at 

all pressures?



(a) Cloud opacity
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(b) NH3 volume mixing ratio at 3.3 bar
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(c) NH3 volume mixing ratio at 1.6 bar
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(a) Cloud opacity
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(b) NH3 volume mixing ratio at 3.3 bar
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(c) NH3 volume mixing ratio at 1.6 bar
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(a) SEB (b) Retrieved NH3 profile
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(b) EqZ (b) Retrieved NH3 profile
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Any evidence for belt-zone variability?
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(a) SEB (b) Retrieved NH3 profile
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(b) EqZ (b) Retrieved NH3 profile
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Any evidence for belt-zone variability?
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(a) SEB (b) Retrieved NH3 profile
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(b) EqZ (b) Retrieved NH3 profile
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(b) EqZ (b) Retrieved NH3 profile
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(b) EqZ (b) Retrieved NH3 profile
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Any evidence for belt-zone variability?
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(b) EqZ (b) Retrieved NH3 profile
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Any evidence for belt-zone variability?
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• Takeaway message → clouds significantly 
complicate the comparison of gaseous abundance 
between belts and zones 

• Adding in an opaque deep cloud increases the 
retrieved abundances - and we know the EqZ has 
thick water clouds 

• Apparent belt-zone variability might just be due to 
cloud structure 



Latitudinal retrieval

(a) Cloud opacity
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(b) NH3 volume mixing ratio at 3.3 bar
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(c) NH3 volume mixing ratio at 1.6 bar
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(a) Cloud opacity
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(b) NH3 volume mixing ratio at 3.3 bar
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(c) NH3 volume mixing ratio at 1.6 bar
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2) Ammonia spike 
on boundary of 
EqZ and NEB at 

higher pressures?

(a) Cloud opacity
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(b) NH3 volume mixing ratio at 3.3 bar
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(c) NH3 volume mixing ratio at 1.6 bar
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(a) Cloud opacity
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(b) NH3 volume mixing ratio at 3.3 bar

-60 -40 -20 0 20 40 60
Latitude

0

5

10

15

20

V
o
lu

m
e
 m

ix
in

g
 r

a
tio

 (
1
0

-4
)

EqZSEB NEB

(c) NH3 volume mixing ratio at 1.6 bar
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1) Belt-zone 
variability at 

all pressures?



Latitudinal retrieval

(a) Cloud opacity
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(b) NH3 volume mixing ratio at 3.3 bar
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(c) NH3 volume mixing ratio at 1.6 bar
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(a) Cloud opacity
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(b) NH3 volume mixing ratio at 3.3 bar
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(c) NH3 volume mixing ratio at 1.6 bar
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2) Ammonia spike 
on boundary of 
EqZ and NEB at 

higher pressures?

(a) Cloud opacity
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(b) NH3 volume mixing ratio at 3.3 bar
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(c) NH3 volume mixing ratio at 1.6 bar
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(a) Cloud opacity
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(b) NH3 volume mixing ratio at 3.3 bar
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(c) NH3 volume mixing ratio at 1.6 bar
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Ammonia spike on boundary of EqZ and NEB 

(a) Cloud opacity
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(b) NH3 volume mixing ratio at 3.3 bar
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(c) NH3 volume mixing ratio at 1.6 bar
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(a) Cloud opacity
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(b) NH3 volume mixing ratio at 3.3 bar
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(c) NH3 volume mixing ratio at 1.6 bar
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(c) Fitted spectrum (8oN) (d) Retrieved NH3 profile (8oN)
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(a) Cloud opacity
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(b) NH3 volume mixing ratio at 3.3 bar
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(c) NH3 volume mixing ratio at 1.6 bar
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(a) Cloud opacity
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(b) NH3 volume mixing ratio at 3.3 bar
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(c) NH3 volume mixing ratio at 1.6 bar
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(c) Fitted spectrum (8oN) (d) Retrieved NH3 profile (8oN)
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• Spike in ammonia abundance is robust 
๏ Difference in spectra clear in regions of 

similar average opacity 
๏ If deep water cloud extended as far as 5N, it 

would increase magnitude of spike, rather 
than decrease it 

Ammonia spike on boundary of EqZ and NEB 



Summary + comparison to other studies

• VLT/CRIRES used to measures NH3 absorption lines in 5-μm atmospheric window 
• NH3 line shape varies between belts and zones → assuming a single 0.8-bar 

cloud deck, retrieved abundances are higher in belts than zones 
• However, the presence of a deep water cloud complicates analysis, and can 

increase retrieved abundances in zones 
• Contrasts with results from Juno/MWR, which finds large NH3 enhancement 

in the Equatorial Zone compared to belts 
• Even with a completely opaque deep cloud, unable to make CRIRES agree 

with MWR 
• Large spike in NH3 abundance seen on the boundary of the EqZ and the NEB 

• Consistent with previous study from Fletcher et al (2016) which found 
series of ‘ammonia plumes’ along southern edge of NEB at higher altitudes 
(~500 mbar) 
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Summary + comparison to other studies

Giles et al, 
accepted in 

GRL

• VLT/CRIRES used to measures NH3 absorption lines in 5-μm atmospheric window 
• NH3 line shape varies between belts and zones → assuming a single 0.8-bar 

cloud deck, retrieved abundances are higher in belts than zones 
• However, the presence of a deep water cloud complicates analysis, and can 

increase retrieved abundances in zones 
• Contrasts with results from Juno/MWR, which finds large NH3 enhancement 

in the Equatorial Zone compared to belts 
• Even with a completely opaque deep cloud, unable to make CRIRES agree 

with MWR 
• Large spike in NH3 abundance seen on the boundary of the EqZ and the NEB 

• Consistent with previous study from Fletcher et al (2016) which found 
series of ‘ammonia plumes’ along southern edge of NEB at higher altitudes 
(~500 mbar) 


